A new diapiric model for kimberlite genesis takes into account recent interpretations of peridotite-CO2-H20 melting relationships. A minor thermal perturbation at depth might trigger release of reduced vapors with major components C-H-O. Where these volatile components cross the estimated solidus boundary near 260 km, partial melting occurs, the density inversion causes diapiric uprise along adiabats, and the partially melted diapirs begin to crystallize at 100 to 80-km depth, where they reach a temperature maximum (thermal barrier) on the solidus. The released vapor enhances the prospects for crack propagation through overlying lithosphere in tension, and this could produce an initial channel to the surface. Magma separation could then occur from progressively greater depths, releasing COA-undersaturated kimberlitic magma for independent uprise through the established conduit, quite unaffected by the thermal barrier on the solidus of peridotite-CO:-H:O. Cooler diapirs would cross the solidus at somewhat greater depth, solidifying to phlogopite-dolomite-peridotite with the release of aqueous solutions. These solutions are likely candidates for the mantle metasomatism commonly considered to be a precursor for the generation of kimberlites and other alkalic magmas. According to this model the metasomatism is a consequence of kimberlite magmatism rather than its precursory cause.
INTRODUCTION
In this paper honoring G. C. Kennedy I will use recent interpretations for melting relationships in the system peridotite-CO•-H:O to develop a diapiric model for the origin of kimberlites, involving the leakage of volatile components from deep within the mantle.
Evidence for the occurrence of CO2 in the upper mantle and the ways in which it might be stored were reviewed by Irving and Wyllie [1973] . The evidence that CO• is transported from the mantle by magmas and rocks Fas reviewed by Wyllie [1977] and Eggler [1978] . Anderson [1975] and Wyllie [1979] lb. The small amount of potassium present in normal mantle peridotite is readily accommodated by amphibole within its stability field, but it may form phlogopite at higher pressures and temperatures. There are two subsolidus divariant surfaces for the dissociation of dolomite and phlogopite, respectively, in the system peridotite-CO2-H20, and these meet along the univariant buffered exchange reaction in Figure lb The phase fields intersected by peridotite-CO2-H20 vary according to CO2/H20 and the total amount of CO2 + H20. It requires about 0.4% H20 to make the maximum possible amount of amphibole from normal mantle peridotire and about 5% CO: to make the maximum amount of dolomite. Assume a peridotire with less than these amounts of H:O and [1978]. The amount of melt required to explain the seismic properties of the low-velocity zone depends in uncertain fashion on the geometrical distribution of interstitial magma, in from time to time. However, the fact that the seismic low-velocity zone beneath continental shields is weakly developed or absent [Solomon, 1976] suggests that mantle peridotite in these regions contains little or no interstitial melt and therefore little or no CO2 and H20. A second possibility is that H20 and CO2 are sparsely and irregularly distributed through the subcontinental mantle, dissolved in local melt concentrations at depth between 120 and 260 km, with periodic magmatic flushes transporting the magma into the overlying lithosphere or through it if tectonic conditions are suitable. A third possibility is that the components C-H-O may occur in the mantle peridotite without the occurrence of melting if reduced oxygen fugacity raises the solidus for the system peridotite-C-H-O, especially if the subcontinental geotherm is lower than that plotted. Partial melting would then occur only where temperatures were raised or oxygen fugacity was increased.
None of these possibilities is very satisfactory for a dynamic mantle. The basic petrological problem is the question of whence and how the components of phlogopite and dolomite are introduced into mantle peridotite at depths of 150 km or more. If they had not been long-term residents of the upper mantle, stored as reduced subsolidus components or dissolved in interstitial melt (0.1-1%) awaiting the necessary tectonic impulse for eruption to occur, then they must have been introduced from above (unlikely for eratonic environment), by lateral migration (unlikely at this level), or from below. It is blebs, tubules, ribbons, or surface channels. The same factors time-honored practice for petrologists to push the ultimate influence the amount of melt that can remain mechanically origins of magmas to depths greater than the limits of their exstable in mantle peridotite. Walker et al. [1978] suggested that perimental knowledge, and it may be that the source of volathe seismically inferred melt fraction in the low-velocity zone tile components responsible for the generation of kimberlites could be understood as a drainage residue. They calculated and other subsilicic magmas is deeper [Ernst and (Figures 2, 3, and 4) . velopment of a root zone. Explosive breaching of the surface from shallow depths forms the crater zone, associated with rapid depressurization, brecciation, an upsurge of magma from below the gas phase, and a short-duration fiuidization event which evolves down the root zone, generating a diatreme zone involving the basal crater zone and the upper root zone. Clement described the root zone as being complex and irregular and being occupied by up to 20 separate intrusions of magmatic kimberlite. The major kimberlite pipes are derived not from a single explosive event within the upper mantle but either from some continuous or repetitive process occurring within the mantle or from a deep-seated magmatic chamber that is repeatedly tapped.
Following an initial explosive eruption from about 90-km depth (see b in Figure 6a ), which established a conduit to the surface, multiple intrusions of kimberlite magma into a single pipe could be accomplished by magma separation from successive diapirs produced by continued leakage of volatile components or from a sequence of diapirs tapped at progressively deeper levels. It would be a useful exercise to see whether there is any progression in the deepest paleodepths for nodules recovered from successive intrusions into a single kimberlite pipe.
An alternative mechanism for multiple intrusions into a singel pipe requires the occurrence of deep-seated kimberlite magma chambers. Episodic buildup of vapor pressure could be associated with intermittent crack propagation and magma release along the preexisting, weakened conduits. This mechanism is consistent with Clement's conclusion that the kimberlite magma forming an embryonic pipe is already differentiprocess more commonly defined as metasomatism. Metasomatism could also occur at depths below about 260 kin, or at whatever depth the geotherm actually crosses the solidus for the system peridotite-volatile components (with appropriate oxygen fugacity), and it is this metasomatic change in bulk composition that causes melting at level a.
The dynamic processes for the stipulated geotherm and phase diagram are illustrated schematically in Figure 8 . The volatile components rising from unknown depths could cause metasomatism until they reached the level where magma generation is initiated, represented in Figure 8 by a, near 260 kin. Consider first the path af, which represents the adiabatic uprise of partially melted diapirs as developed for path ab in Figure 6 . In this example, crystallization and evolution of CO•-rich gases at point f is not accompanied by cracking and explosive eruption. Instead, it is assumed that diapiric uprise is slowed or halted by the increasing rigidity of the lower lithosphere and that the interstitial magma, halted by vesiculation and crystallization, collects into chambers near level f, corresponding to the solidus boundary. The escaping vapors passing through the overlying mantle may cool along a path such as fh in Figure 8a Figure 8a with the phase boundaries in Figure   3 ).
Consider the metasomatized mantle generated at levels above e and f in Figure 8b , and compare the solidus curve with the continental geotherm in Figure 8a . The metasomatized mantle is certainly a potential source for the generation of exotic magmas, but it would require a rather significant thermal perturbation to raise the temperature above the solidus in the depth interval above ef. ' If one accepts a single postulate, that volatile components stored in the deep mantle can escape and leak upward, then according to the conditions stipulated in Figure 8 , there is a region of deep-seated metasomatism, followed upward by a zone of partial melting, followed in turn by metasomatism of the upper mantle by hydrothermal fluids. Metasomatism of the upper mantle at shallower levels is then a consequence and not necessarily a cause of magma generation. This hydrothermal metasomatism cannot be a precursor of kimberlite magma genesis for those kimberlites bearing diamonds or peridotite nodules with paleodepths greater than about 120 km, because if the components of the hypothetical fluids exist in these source regions, then they would exist as components dissolved in magmas.
GENERATION OF CONTINENTAL BASALTS
A minor thermal perturbation might be sufficient to trigger the release of volatile components and the generation of kimberlite or related magmas, whereas a major thermal per- [Wyllie, 1978, Figures 4 and 7] ) could produce alkali basalts [Wyllie, 1979, Figure 8 ]. The amount of magma produced in this way would be small in comparison with that of tholeiitic basalt. There is a possibility that tholeiitic basalt generated from the deep-seated mantle source could be contaminated by magmas generated from metasomatized upper mantle material. The interpretation of isotope and trace element geochemistry for continental basalts may be more complex than some of the simple models currently in vogue.
CONCLUDING REMARKS
A final note of caution is needed, because the processes described are based on the selection of a particular geotherm, and a particular interpretation for the phase diagram of peridotite with selected amounts of CO2 and H20, and because the consequences of reduced oxygen fugacity at depth have not been adequately determined. If the solidus curve does not intersect the geotherm, these processes cannot occur, and kimberlite magma genesis then has to be associated with significant thermal perturbations of subcontinental mantle.
